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- PURPOSE: To provide a device which is simplified in 
constitution, is reduced in size and thickness, is good in 
durability and is improved in luminance by providing the 
device with projecting pins (reference points) to be engaged 

with the holes of a light diffusion plate to position this light Jv ______ ,>-"' 

diffusion plate and fluorescent lamps. ^"^I^SS^^^^ 
CONSTITUTION: The positioning hole parts XH, YH to be^j^^^^W^^^ ^ 
engaged with the positioning pins XP and YP mounted ""-" ^ SSSS^ i^f 




lamp fixing plates 20a, 20b are formed in the lateral central j:a <u>xu u ^^<.CCO Uflvfi WZZZ 
positions of the light diffusion plate 60. Consequently, the^ Q^l^l^" ^ 
fluorescent lamps are mounted with the positioning pins as a ? 
reference, dot pattern parts DPa to DPf formed on the light 
diffusion plate 60 are mounted with the fixing plates 20a, 20b 
for fixing the fluorescent lamps as a reference and the dot 
patterns are printed with the positioning analog as a reference 
and, therefore, the dot patterns are disposed opposite exactly 
to the positions of the fluorescent lamps. The positioning is 

executed with the exact positional relation between the fluorescent lamps and the dot patterns in 
this device and, therefore, the uniformity of light diffusion, i.e., the uniformity of the luminance on 
the diffusion plate is obtd. 
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BACK LIGHT DEVICE AND ASSEMBLING METHOD THEREFOR 
[Claims] 

[Claim 1] A back light device having multiple straight-tube fluorescent 
lamps within a housing in a thin, substantially-square plate shape, a reflective 
film on an inner surface of the housing and an acrylic light diffusion plate with 
light transparency to close the housing, the device comprising: 

lamp fixing plates, on both ends of the fluorescent lamps, having 
engaging holes with which ends of the fluorescent lamps can be engaged, the 
lamp fixing plates being fixed to the housing with hooks, screws and the likes; 
and projecting pins (reference points) on upper end surfaces of the lamp fixing 
plates for positioning the light diffusion plate and the fluorescent lamps by 
engaging with the holes of the light diffusion plate. 

[Claim 2] A back light device having multiple straight-tube fluorescent 

lamps within a housing in a thin, substantially-square plate shape, a reflective 
film on an inner surface of the housing and an acrylic light diffusion plate with 
light transparency for closing the housing, the device comprising: 

a diffusion layer having about 40% to 70% reflectivity and about 55% to 
25% transmittance, which is obtained by coating or printing a light diffusion 
layer on the transparent acrylic plate and by printing or coating light-diffusive ink 
on the surface facing toward the fluorescent lamps in a pattern being larger and 
denser as the distance from the fluorescent lamps decreases and being smaller 
and rougher as the distance from the fluorescent lamps increases. 
[Claim 3] A back light device according to Claim 2, wherein the 
light-diffusive ink is obtained by using a light-diffusive material as a transparent 
material and providing 80% to 90% light transparency and 55% to 80% light 
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[Claim 4] A back light device having multiple straight-tube fluorescent 
lamps within a housing in a thin substantially-square plate shape, a reflective 
film on an inner surface of the housing and an acrylic light diffusion plate with 
light transparency for closing the housing, 

wherein a light-diffusive layer is coated or printed on the surface of the 
transparent acrylic plate facing toward the fluorescent lamps, and the surface 
close to the fluorescent lamps has a convex lens pattern layer, with less lens 
light-gathering effect as the distance from a light source increases. 
[Claim 5] A back light device having multiple straight-tube fluorescent 
lamps within a housing in a thin, substantially-square plate shape, a reflective 
film on an inner surface of the housing and an acrylic light diffusion plate with 
light transparency for closing the housing, 

wherein a light-diffusive layer is coated or printed on the surface 
opposite the surface facing toward the fluorescent lamps of the transparent 
acrylic plate, and the surface close to the fluorescent lamps has a lens pattern 
layer, which is a convex lens, increasing the lens light-gathering effect as the 
distance from a light source increases. 

[Claim 6] A back light device having multiple straight-tube fluorescent 

lamps within a housing in a thin, substantially-square plate shape, a reflective 
film on an inner surface of the housing and an acrylic light diffusion plate with 
light transparency for closing the housing, 

wherein the surface facing toward the fluorescent lamps of the 
transparent acrylic plate or the opposite plane has a convex lens pattern layer, 
increasing in lens light-gathering effect as the distance from a light source 
increases, and a light-diffusive layer is coated or is printed on the top surface of 
the lens pattern layer. 

[Claim 7] A back light device according to Claim 1, wherein the device 
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has a construction in which the engaging holes of the lamp fixing plates are 
U-shaped notches and a bushing of a flexible material such as rubber for 
holding ends of the fluorescent lamps is attached thereto. 
[Claim 8] A back light device, comprising: 

a lamp having metal end base electrodes at both ends; 

lamp fixing plates disposed at both ends of the lamp in a direction 
substantially orthogonal to the lamp axis; 

a flexible bushing for holding parts of the both ends of the lamp; 

a bushing holding portion, which is an opening cut from one edge of 
each of the lamp fixing plates and to which the bushing holding the lamp is 
attached; and 

a printed circuit board, which is mounted on a side surface of each of 
the lamp fixing plates and has a clip socket for holding the metal end base 
electrodes of the lamp and a ballast capacitor to be connected to the lamp, the 
clip socket being provided for receiving and holding the metal end base 
electrode of the lamp when the bushing holding the lamp is attached to the 
bushing holding portion. 

[Claim 9] A back light device according to Claim 8, wherein the printed 

circuit board has a projecting piece at the edge and is mounted by inserting the 
projecting piece into a slit of the lamp fixing plate. 

[Claim 10] A back light device according to Claim 8, wherein when the 
number of the lamp increases, the printed circuit board provided on one side of 
the lamps has clip sockets corresponding to the lamps, respectively, and 
wherein each of the clip sockets is connected to a common wire provided on 
the board, and a lead line for power-source connection is soldered to the wire. 
[Claim 11] A back light device according to Claim 8, comprising the 
bushing holding portion having a U-shape with which the exterior of the bushing 
fits and having a series of lamp-attached openings each having a hole through 
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which the lamp is to be inserted, the hole having a V-shape cut from its bend 
part. 

[Claim 12] A back light device according to Claim 8, comprising: a reflector 
disposed below the lamp, held by being sandwiched and held between the 
bottom surface of the lamp fixing plate and a chassis. 

[Claim 13] A back light device in which one output terminal of an inverter 
power source is connected to one electrode of a cold cathode tube while the 
other output terminal of the inverter power source is connected to the other 
electrode of the cold cathode tube through a ballast capacitor, the device 
comprising: 

an auxiliary electrode connected to a ground potential of the inverter 
power source along the cold cathode tube. 
[Claim 14] A back light device, comprising: 

multiple fluorescent lamps being aligned in parallel; 

lamp fixing plates disposed at both ends of the fluorescent lamps in a 
direction substantially orthogonal to the tube axis; 

lamp holding means for causing the lamp fixing plates to hold parts of 
both sides of the fluorescent lamps; 

a planer reflector spaced apart from the multiple fluorescent lamps; and 

a planer auxiliary electrode plate disposed with the reflector side by 
side for supplying a ground potential of the power source of the fluorescent 
lamps. 

[Claim 15] A back light according to Claim 14, wherein the auxiliary 
electrode plate forms the bottom of a housing. 

[Claim 16] A method for assembling a back light device, the method 
comprising the steps of: 

preparing multiple lamps each having metal end base electrodes at 
both ends; 
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placing first and second lamp fixing plates at both ends of the lamp in a 
direction substantially orthogonal to the lamp axis; 

holding parts of both sides of the lamp by using a flexible bushing; 

mounting to sides of the lamp fixing plates a printed circuit board on 
which clip sockets for holding the metal end base electrodes of the lamps are 
implemented and ballast capacitors to be connected to the lamps are installed; 
and 

attaching a bushing holding the lamps to a bushing holding portion, 
which is an opening cut from one edge of the lamp fixing plates, and attaching 
the metal end base electrodes of the lamps to the clip sockets. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Field of Application] The present invention relates to a back light 
device used as an illumination device such as a liquid crystal display panel and 
a display panel and relates to an assembling method therefor. 
[0002] 

[Related Arts] A back light device for a liquid crystal display panel is disclosed 
in J P-A- 1-24 1590, for example. The back light device may be provided at the 
edge of or immediately under a panel. 

[0003] The one provided at the edge has a scattering reflective mark (light 
diffusion layer) in a checkered pattern on the back of an acrylic light-guide plate 
and a reflector thereon. A diffusion plate for diffusing light is provided on the 
front side of the light-guide plate. In addition, a straight-tube fluorescent lamp 
is disposed along the edge of the light-guide plate. The light emitted from the 
fluorescent lump is guided from the edge of the light-guide plate to the inside. 
Then, the light is reflected by the light diffusion layer on the back side, is 
diffused by the diffusion plate on the front side and exits therefrom. The light 
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traveling from the space between the light diffusion layers to the back side is 
reflected by the reflector and is directed to the front side. 
[0004] The one provided immediately under a panel has multiple straight-tube 
fluorescent lamps in parallel in a housing, and has a diffusion plate for diffusing 
light in order to close an opening of the housing. In this case, a film (lighting 
curtain) having a vapor-evaporated aluminum dot pattern is disposed between 
the diffusion plate and the fluorescent lamps in order to obtain uniform emitted 
light. The light emitted from the fluorescent lamps is reflected by a reflector 
provided on an internal surface of the housing and goes to the diffusion plate. 
In this case, the luminance differs between directly above the fluorescent lamps 
and above the side of the fluorescent lamps. Then, a lighting curtain is used 
for controlling and obtaining the uniform amount of passing light. 
[0005] 

[Problems to be Solved by the Invention] First of all, a conventional device 
needs many parts and assembly steps, which increase the cost. Furthermore, 
a film shrinks and expands due to temperature fluctuations. Thus, the 
positional correspondence between a fluorescent lamp and a reflective pattern 
is lost, which may lose the uniformity of light. Since the reflective pattern is 
formed by vapor deposition of aluminum, the reflective pattern may be 
delaminated. In addition, large devices may be needed in manufacturing 
processes. 

[0006] Furthermore, in order to mount a fluorescent lamp (cold cathode tube) 
to a lamp fixing plate in a conventional back light device, the fluorescent lamp is 
inserted through a hole of the lamp fixing plate. Here, the assembly needs 
higher effort and costs. Because a fluorescent lamp has a lead line, the 
connection efficiency, security and reliability are disadvantageously decreased. 
In other words, in order to connect a power-source connection cable and a lead 
line for a lead-line type fluorescent lamp, they may be tied up and be soldered 
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to each other or may be connected by using a swaging connection tool. 
However, the workability decreases when lines are soldered to each other. A 
slow leak may occur due to the heat of the soldering. Since a cable cannot be 
completely fixed, mechanical stress is applied to the root of the lead line due to 
the vibration and the like. As a result, a break may occur in the lead line. 
Since the soldered part is not fixed in a stable manner, a step of covering an 
insulation tube is required. Alternately, in order to press-fit a swaging 
connection tool, mechanical stress may be applied to the root of the lead line. 
Therefore, cable breaks, poor contact and so on may occur easily, and the 
workability may also decrease, which are problems. 
[0007] 

[Means for Solving the Problems] It is an object of the invention to provide a 
back light device, which is effective for reducing the size and thickness by 
simplifying the construction of the entire device and for improving the durability, 
reliability and luminance. In order to achieve the object, there is provided a 
back light device having multiple straight-tube fluorescent lamps within a 
housing in a thin, substantially-square plate shape, a reflective film on an inner 
surface of the housing and an acrylic light diffusion plate with light transparency 
for closing the housing, the device including a diffusion layer having about 40% 
to 70% reflectivity and about 55% to 25% transmittance, which is obtained by a 
light diffusion layer on the transparent acrylic plate of light-diffusive ink on the 
surface facing toward the fluorescent lamp in a pattern being denser as the 
distance from the fluorescent lamp decreases and being rougher as the 
distance from the fluorescent lamp increases. 

The light-diffusive ink may be obtained by using a light-diffusive 
material as a transparent material and providing 80% to 90% light transparency 
and 55% to 80% light transmittance. 

[0008] It is another object of the invention to provide a back light device, which 
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is effective for improving the assembly workability, durability and reliability and 
reducing the cost by simplifying the component arrangement in the entire 
device. In order to achieve the object, there is provided a back light device, 
including a lamp having metal end base electrodes at both ends, lamp fixing 
plates disposed at both ends of the lamp in a direction substantially orthogonal 
to the lamp axis, a flexible bushing for holding parts of the both ends of the lamp, 
a bushing holding portion, which is an opening cut from one edge of each of the 
lamp fixing plates and to which the bushing holding the lamp is attached, and a 
printed circuit board, which is mounted on a side surface of each of the lamp 
fixing plate and has a clip socket for holding the metal end base electrodes of 
the lamp and a ballast capacitor to be connected to the lamp, the clip socket 
being provided so that it receives and holds the metal end base electrode of the 
lamp when the bushing holding the lamp is attached to the bushing holding 
portion. 
[0009] 

[Operation] According to the above-described device, one light diffusion plate 
can function as does the conventional technology. Thus, the number of 
assembly parts can be reduced, and the work efficiency can be improved. The 
light diffusion plate printed or coated with light diffusion ink is stronger against 
temperatures than conventional films and can obtain functional reliability. 
[0010] According to the above-described device, a lamp and a bushing may 
be assembled first, and the bushing may be attached to a bushing holding 
portion then. Thus, a base electrode of the lamp can be automatically 
connected to a clip socket of a printed circuit board. Furthermore, the lamp 
can be connected to a power source through a wire and ballast capacitor on the 
printed circuit board. Thus, the assembly work can become easier, and the 
electrical connection can be automatically obtained. 
[0011] 
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[Embodiments] Embodiments of the present invention will be described below 
with reference to drawings. Fig. 1 is one embodiment of the present invention. 
The reference numeral 10 indicates a housing formed by an aluminum plate in 
a thin, substantially square dish shape. The details are shown in a plan view, 
side view and front view in Fig. 2. Wing pieces 11a and 11b bent so as to 
stand at both ends in the long side direction and wing pieces 12a and 12b bent 
so as to stand at both ends in the short side are provided thereto. The wing 
pieces 12a and 12b stand diagonally with an angle. Lamp fixing plates 20a 
and 20b (20b being not shown) are disposed on both sides of the housing 10 in 
the longitudinal direction. 

[0012] The lamp fixing plate 20a is tapered such that the both ends can agree 
with the wing pieces 12a and 12b. The lamp fixing plate 20a is formed from 
highly-reflective plastic (with 98% reflectivity). Mounting portions a, b, c, d, e 
and f with a notch or hole shape for fixing multiple lamps are provided at the 
edge touching the bottom of the housing 10. In this embodiment, six 
fluorescent lamps 40a, 40b, 40c, 40d, 40e and 40f are mounted thereto. 
Rubber caps are attached to the ends or areas, corresponding to the mount 
portions a to f, of the fluorescent lamps 40a, 40b, 40c, 40d, 40e and 40f. 
[0013] A reflector 50 (0.2 mm thick of material RF188) is disposed on the inner 
surface of the housing 10. The fluorescent lamps 40a to 40f are disposed in 
parallel on the reflector 50. Fig. 1 shows a construction of one side, but the 
other side also has the same construction. As shown in Fig. 2, areas on which 
the lamp fixing plates 20a and 20b are to be disposed have screw holes X1 to 
X5 and Y1 to Y5. Correspondingly, the lamp fixing plates 20a and 20b also 
have holes for fastening screws. 

[0014] Fig. 3 shows the lamp fixing plate 20a, for example. The lamp fixing 
plate 20a has holes X1 to X15 for fixing and has a hole X16 for mounting a 
positioning pin in the lateral central position of the top surface side. The same 
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is true in the other lamp fixing plate 20b. 

[0015] The housing having an opening above the fluorescent lamps is formed 
by assembling the reflector 50, the fluorescent lamps 40a to 40f and the lamp 
fixing plates 20a and 20b. Then, in order to close the opening of the housing, 
a light diffusion plate 60 is provided. 

[0016] Fig. 4 shows other example of the lamp fixing plate. Fig. 4(A) is of the 
same type as that of Fig. 3. Figs. 4(B) and 4(C) show examples having 
dividable mounting holes a, b, c, d, e and f, which can sandwich lamps. In one 
shown in Fig. 4(B), lamps are held by a bushing of rubber, for example. The 
lamp fixing plate has U-shaped notches, and the bushing holding the ends of 
the lamps is pushed therein. Fig. 4(D) shows one having a hinge portion 
rather than a completely dividable one. The same reference numerals as 
those of Fig. 3 are given to the same components therein. 
[0017] Fig. 5 shows the light diffusion plate 60 in detail. The light diffusion 
plate 60 has a uniform light diffusion layer on one surface (such as the upper 
surface) of a transparent acrylic plate. The light diffusion layer is printed or 
coated and uniformly diffuses light. 

[0018] Positions (areas) having fluorescent lamps immediately thereunder are 
shaded in Fig. 5 for the convenience of the drawing. The part surrounded by a 
dotted line in a circle shape is shown in an enlarged view. The light diffusion 
layer (on the bottom surface) of the light diffusion plate 60 has a light control 
layer in a dot pattern with about 40% to 70% reflectivity and about 55% to 25% 
transmittance, which is printed or coated with light diffusion ink. As shown in 
the enlarged view, the dots are patterned such that the size decreases as the 
distance from the position corresponding to the area above the axis of the 
fluorescent lamp increases. The arrow A in the enlarged view is the line above 
the axis of the fluorescent light. The size of the dots above the axis is the 
largest. The light diffusion ink has about 40% to 70% reflectivity, about 55% to 
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25% transmittance and 2% to 5% light loss. Thus, the light transmittance 
decreases as the distance from a light source decreases while the 
transmittance increases as the distance from the light source increases. As a 
result, uniform light is emitted on the entire plate. 

[0019] The lateral central position of the light diffusion plate 60 has positioning 
holes XH and YH engaging with positioning pins XP and YP mounted to the 
lamp fixing plates 20a and 20b. As a result, dot pattern areas DPa to DPf 
formed on the light diffusion plate 60 relative to the fixing plates 20a and 20b for 
fixing fluorescent lamps can exactly correspond to the positions of fluorescent 
lamps since the fluorescent lamps are mounted relative to the positioning pins 
and the dot pattern is printed relative to the positioning analog. 
[0020] When the positions of fluorescent lamps and the dot pattern do not 
have a predetermined relationship exactly, the light diffusion is not uniform. 
However, since the exact positioning is possible in this device, uniform light 
diffusion, that is, uniform luminance on the light diffusion plate can be obtained. 
Because of the positioning unit, exact positioning can be easily achieved even 
during the assembly process. 

[0021] The unit dot of the dot pattern according to the present invention may 
have any form. A stripe pattern may be adopted. The light diffusion ink is 
made from hollow-body glass bubbles by using a high polymer resin binder and 
is screen-printed or coated to form a light-transparent light diffusion layer. 
Light can pass through and be refracted by the hollow body glass bubbles of 
bolosilicate glass due to the high light-transmittance and the hollow body 
structure. Thus, the light diffusion ink can have high diffusion characteristic. 
Alternatively, the light diffusion ink may be made from an organic fluorescent 
derivative light-emitter by using a high polymer resin binder. Transparent light 
cured resin ink may be used. Also, transparent conductive ITO (indium oxide 
or tin oxide) dispersion type ink may be used. Then, a light diffusion layer with 
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about 80% to 90% light transmittance and about 55% to 80% light diffusivity can 
be obtained. 

[0022] Fig. 6 shows a principle of another construction example of the light 
diffusion plate 60. The light diffusion plate 60 has a diffusion layer 602 (0.5 |am 
to 100 jim thick) formed by uniformly printing or coating a diffusion agent having 
a mixture of silica, zinc oxide, titan and fluorescence, for example, on a 
transparent acrylic plate 601. A lens layer 603 is provided on the top surface 
of the diffusion layer 602 in a dot pattern. The lens layer 603 is made from a 
transparent resist or a same material as that of the diffusion layer. The lens 
layer 603 has a pattern in which the size of lenses decreases as the distance 
from the light source decreases while the size of lenses increases as the 
distance from the light source 611 increases. Then, the lens diameter is set 
such that the light-gathering rate increases as the distance therefrom increases 
for the light energy of one light source decreasing from 100% to 80% and then 
to 50% as the distance from the light source increases, for example. In 
addition, since the utilization factor of an adjacent light source 612 is set as 
above, the light-gathering utilization factor becomes 100% on the upper surface 
side as a result. Since the lens portion can gather light, the utilization factor is 
extremely high. The light gathered by the lenses is diffused more uniformly by 
using the diffusion layer 602. The lens layer may have a dot pattern or may 
have a semicylindrical shape following that of the fluorescent lamps. 
[0023] According to this embodiment, the lens layer 603 is provided on the 
bottom surface side (light source side) of the transparent acrylic plate 601. 
However, as shown in Fig. 6(B), the lens layer 603 may be provided on the 
upper surface side (the opposite surface of the light source side). In this case, 
the lens layer 603 is a convex lens increasing the lens light-gathering effect as 
the distance from the light sources 611 and 612 increases. In other words, this 
embodiment uses the light directing effect of the lenses. Then, by using the 
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fact that a thicker convex lens has higher directing effect than that of thinner 
one, the orientation of farther lenses from a light source increases while the 
directing effect of nearer lenses decreases. As a result, uniform light can be 
obtained. In the production process pattern-printing lens with ink of a uniform 
amount, the thickness of lenses can be adjusted in accordance with the surface 
tension of ink, the amount and the dot size. 

[0024] According to the present invention, the same effect can be obtained 
when the transparent acrylic plate 601, the light diffusion layer 602 and the lens 
layer 603 are arranged as shown in Figs. 7(A) and 7(B). That is, the lens layer 
603 is sandwiched between the transparent acrylic plate 601 and the light 
diffusion layer 602. The same reference numerals are given to the same 
materials as those of the previous embodiment. 

[0025] As described above, according to the present invention, the size and 
thickness of a back light device can be reduced by simplifying the entire 
construction of the device. Furthermore, a back light device can be obtained 
which is effective for improving the durability, reliability and luminance. 
[0026] Figs. 8 and 9 show another embodiment of the present invention. 
Figs. 8 and 9 show cross sections of an exploded perspective diagram. The 
basic construction is the same as that of the above-described embodiments. 
That is, lamp fixing plates 20a and 20b face toward each other in parallel at 
both ends of multiple fluorescent lamps 47a to 47f being arranged in parallel. 
A reflector 50 is provided below the fluorescent lamps 40a to 40f, leaving a 
space therebetween. While the entire housing 11 is not illustrated in the 
previous embodiments, the housing specifically includes a rectangular 
aluminum chassis 151, frames 111 and 121 facing toward the long sides of the 
chassis 151 and frames 131 and 141 facing toward the short sides thereof. 
The section of each of the frames 111, 121, 131 and 141 when viewed 
longitudinally has a U-shape. The frames 111, 121, 131 and 141 are formed 
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from synthetic resin. The frame bottom surface side and the chassis 151 are 
joined by screws. A diffusion plate 60 is disposed on the frame upper surface 
side. Thus, a housing having an internal space can be constructed. 
[0027] This embodiment is characterized in a structure for mounting a lamp 
fixing plate and fluorescent lamps and a structure for connecting fluorescent 
lamps to a power source. A partial structure of each of parts in Figs. 8 and 9 
will be separately extracted and be described. 

[0028] Fig. 10(A) shows fluorescent lamp examples being used in this 
embodiment and a structure for mounting the fluorescent lamp to a lamp fixing 
plate based on a principle of this embodiment. A lead-line type fluorescent 
lamp 45 and a metal end base type fluorescent lamp 47 sealed with a metal lid 
are provided as the fluorescent lamp examples. In this embodiment, a lamp of 
metal end base type having a metal end base 471 is used in consideration of 
workability. In order to mount the lead-line type fluorescent lamp to a lamp 
fixing plate, a rubber sleeve 46 must be attached to the contact area thereof for 
protecting the tube, the work of which is complicated. Therefore, in this 
embodiment, a bushing 70 is used. 

[0029] For example, the bushing 70 is typically formed of a flexible material, 
externally has a U-shape and has a hole 71 through which a lamp is to be 
inserted. The hole 70 has a lamp attaching opening 72 in a V-shape. 
Therefore, when the perimeter of a lamp is pressed to the V-shape lamp insert 
opening 72, the lamp can be easily fit into the hole 70. 

[0030] Fig. 10(B) shows the principle of mount structures of the bushing 70 
and lamp fixing plates 20a and 20b. While many fluorescent lamps 47 and/or 
bushings 70 are used (see the specific perspectives in Figs. 8 and 9), only the 
reference numerals 47 and 70 are given as examples. Furthermore, one set 
on the lamp fixing plate 20a side will be described, for example. The lamp 
fixing plate 29a has a bushing holding portion 75, which has openings in a 
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shape cut from the edge of the bottom of the lamp fixing plate 20a and to which 
the bushing 70 can be attached. The bushing holding portion 75 has the 
openings in a U-shape fitting with the form of the bushings. Therefore, when 
the bushings are attached to the fluorescent lamps in advance, and when the 
bushings are attached to the bushing holding portion of the lamp fixing plate, 
many lamps can be assembled together at the same time. 
[0031] The bushings 70 can be assembled with the fluorescent lamps 47 
moving vertically from the tube axis. Thus, the workability and the ability for 
holding tubes can be improved. A sleeve insertion requires labor and time and 
may often cause damages. Great press-in force may leave mechanical stress 
at the tube, a lead line and/or the root part. However, this embodiment can 
solve the problems. 

[0032] Next, according to this embodiment, the power-source connection of 
lamps can be also achieved during the assembly process. The connection on 
the side of the lamp fixing plate 20a will be described, for example. The lamp 
fixing plate 20a has multiple slits 201, 202, and so on. By inserting projecting 
pieces 81 and 82 of the printed circuit board (relay substrate) 80a into the slits 
201, 202 and so on, the printed circuit board 80a can be integrated with and be 
mounted to the lamp fixing plate 20a. Different kinds of mounting units are 
allowable instead of slits and projecting pieces, in any case the method being 
able to reduce the number of parts. Then, the ease of the mounting work can 
be advantageously improved. The slits 201 and 202 are positioned such that 
the edge of the printed circuit board 80a can be positioned above the end of 
fluorescent lamps, that is, on the notch end sides of the bushing holding portion. 
Next, ballast capacitors to be connected to lamps and clip sockets 85 for flexibly 
holding the bases 471 of the lamps for obtaining electrical connection are 
implemented on the printed circuit board 80a. While Fig. 10(B) shows the 
assembly of the bases 471 and the clip sockets 85, the other parts have the 
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same relationship. The clip socket 85 acts as a fuse holding clip socket. 
Thus, when the metal end base 471 of the lamp 47 is pressed against the clip 
socket 85 from the bottom, the clip socket 85 can easily hold the metal end 
base 471. 

[0033] Under this construction, the printed circuit board 80a is first mounted to 
the lamp fixing plate 20a. Next, the fluorescent lamp 47 and the bushing 70 
are integrated, and then the bushing 70 is attached to the bushing holding 
portion 75. Thus, the base of the lamp can be connected to the clip socket 85 
at the same time, and one-touch assembly is completely achieved. The 
fluorescent lamp is electrically connected to a printed wire 86 through a 
corresponding ballast capacitor in order to commonly connect to the power 
source. One end of a power-source lead line 102 is soldered to the printed 
wire 86 at the end of the printed circuit board 80a. 

[0034] Fig. 11 A shows an assembly of the lamp fixing plate 20a, the printed 
circuit board 80a, the fluorescent lamps 47 and so on. Fig. 11(B) shows a 
basic electric circuit example of the fluorescent lamps 47 according to this 
embodiment. Both terminals of the fluorescent lamp 47 are electrically 
connected through the clip sockets implemented on the printed circuit boards 
80a and 80b. In this case, the ballast capacitors 89 are installed on the printed 
circuit board 80a corresponding to the respective fluorescent lamps 47. 
However, a wire for commonly connecting electrodes of the fluorescent lamps 
47 is required on the printed circuit board 80b. In order to turn on multiple 
fluorescent lamps, the ballast capacitors 89 are connected to the fluorescent 
lamps 47, respectively. The ballast capacitors correct the unbalanced electric 
characteristics of the tubes, and a stable operation can be obtained. 
[0035] In this way, by implementing the ballast capacitors 89 on the printed 
circuit board 80a in advance, the electrode processing process for the 
fluorescent lamps 47 can be simplified. Furthermore, forgetting about 
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attaching some parts, soldering errors and so on can be prevented during the 
assembly process. In addition, two lead lines 101 and 102 connecting to a 
common wire of the printed circuit boards 80a and 80b may be connected to 
first and second terminals of a power source 90, which can extremely simplify 
the peripheral wiring. 

[0036] Fig. 11(C) shows a section diagram in which a mounting portion for the 
printed circuit board 80a and a mounting portion for tubes are disposed in 
different directions. One edge of the printed circuit board 80a is positioned by 
inserting the projecting piece into the slit of the lamp fixing plate 20a. The 
other edge is engaged with a board holding portion 112, which is formed on the 
inner side of the frame 111. The board holding portion 112 is formed for 
holding the top and bottom surface of the edge of the printed circuit board 80a. 
The longitudinal section of the frame 111 has a U-shape, for example, and a 
diffusion plate can be mounted to one side. A housing (chassis) can be 
mounted to the other side (see Figs. 8 and 9). 

[0037] Under this construction, the printed wire of the printed circuit board 80a 
can be routed easily (because it is printed ahead of time) to the inner side of the 
body. Thus, the stability requirements can be better secured. In other words, 
when a lead line is routed without a printed circuit board, the position of the lead 
line is unstable and is displaced closely to the frame side. Then, a stability 
problem may occur due to the application of high voltage. However, in this 
embodiment, this problem does not occur. 

[0038] Fig. 12 is a diagram for describing a reflector mounting construction, 
which is another characteristic of this embodiment. In this embodiment, the 
reflector 50 is sandwiched and is held between the bottom edges of the lamp 
fixing plates 20a and 20b and the chassis 151 . The reflector 50 is held, e.g. by 
being screwed, from the bottom plate side of the chassis 151 to the bottom 
surfaces of the lamp fixing plates 20a and 20b. This construction can reduce 
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the steps for fixing the reflector 50 independently and can improve the efficiency 
of the assembly. 

[0039] Fig. 13(A) shows a section of the device according to the 
above-described embodiment. The reflector 50 is sandwiched and is fixed 
between the chassis 151 and the lamp fixing plate 20a. Therefore, the 
mounting portions of the lamp fixing plate 20a and reflector 50 only need to be 
partially fastened with screws. Here, the chassis 151 can produce an electric 
effect that the luminance of the lamps is increased with stable operation. Fig. 
13(B) is a diagram for describing the electric effect of the chassis 151. The 
chassis 151 is connected to a neutral potential (ground potential) of a 
line-bypass capacitor of the power source 90. The chassis 151 functions as 
an auxiliary electrode of a lamp and can stabilize the discharging state. As a 
result, the luminance can be increased. When the chassis 1 51 in this device is 
exposed to the back side of the device, the chassis 151 may be covered by an 
insulating frame. 
[0040] 

[Advantages] As described above, according to the present invention, a back 
light device can be obtained, which is effective for reducing the size and 
thickness by simplifying the construction of the entire device and for improving 
the durability, reliability and luminance. Furthermore, a back light device can 
be obtained which can reduce number of parts, improve the assembly 
workability and reduce the cost. 
[Brief Description of Drawings] 

[Fig. 1] Fig. 1 is a construction explanatory diagram illustrating one 
embodiment of the invention. 

[Fig. 2] Fig. 2 is an explanatory diagram showing a housing extracted from Fig. 
1. 

[Fig. 3] Fig. 3 is an explanatory diagram showing a lamp fixing plate extracted 
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from Fig. 1. 

[Fig. 4] Fig. 4 is an explanatory diagram showing lamp fixing plate examples. 
[Fig. 5] Fig. 5 is an explanatory diagram showing a light diffusion plate 
extracted Fig. 1. 

[Fig. 6] Fig. 6 is a diagram for describing a construction example of a light 
diffusion plate. 

[Fig. 7] Fig. 7 is a diagram for describing another construction example of a 
light diffusion plate. 

[Fig. 8] Fig. 8 is a diagram showing a part of an exploded perspective diagram 
of another embodiment of the invention. 

[Fig. 9] Fig. 9 is a diagram showing a part of an exploded perspective diagram 
of another embodiment of the present invention. 

[Fig. 10] Fig. 10 is a diagram showing a part of a part connecting 

construction extracted from Figs. 8 and 9. 

[Fig. 11]Fig. 11 is a diagram also showing a part of the part connecting 
construction extracted from Figs. 8 and 9. 

[Fig. 12] Fig. 12 is a diagram also showing a part of the part connecting 

construction extracted from Figs. 8 and 9. 

[Fig. 13] Fig. 13 is an explanatory diagram of a part of a part connecting 

construction and electric circuit of Figs. 8 and 9. 
[Description of Reference Numerals] 

10: housing, 20a and 20b: lamp fixing plates, 40a to 40f, 47a to 47f and 47: 
fluorescent lamps, 50: reflector, 60: light diffusion plate, 71: bushing, 80a and 
80b: printed circuit board, 85: clip socket, 86: printed wiring, 89: ballast 
capacitor, 90: power source, 101 and 102: lead lines, 201 and 202: slits, and 
151: chassis. 
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